Abstract. The facile synthetic method of optically active 3,3-disubstituted oxindoles with excellent enantioselectivity was achieved using chiral copper-catalyzed desymmetrization of prochiral 1,3-diols.
Introduction
Oxindols are important heterocycles found in various naturally occurring compounds and biologically active molecules.
1 Particularly, numerous methods have been reported for the enantioselective synthesis of oxindoles including Heck reaction 2 , cyanoamidation 3 , cycloaddition 4 , alkylation 5 , arylation 6 , 1,2- , and addition to isatins 12 . In addition, enzyme-catalyzed asymmetric desymmetrization was known as an effective synthetic method for optically active oxindoles bearing a quaternary stereocenter at the 3-position, 13 but nonenzymic methods have not been reported. Recently, we have developed chiral copper-catalyzed kinetic resolution and desymmetrization of diols (Scheme 1). 14, 15 Herein, we would like to describe the efficient synthesis of optically active 3,3-disubstituted oxindoles using chiral copper-catalyzed asymmetric monotosylation 15e of prochiral 3,3-bis(hydroxymethyl)oxindoles. The absolute configuration of 2d was determined by X-ray crystallographic analysis. 16 Monotosylated oxindole 2d was treated with (+)-10-camphorsulfonyl chloride, giving the sulfonate ester 5, which was recrystallized from diethyl ether to provide fine crystals after purification with silica gel column chromatography (Scheme 3). Then, the X-ray crystallographic analysis of the sulfonate ester 5
proved that the newly generated stereogenic center was R (Figure 1 ). 
Scheme 3. Synthesis of (R)-(+)-3-((+
)
Conclusion
In summary, the enantioselective synthesis of oxindoles bearing a quaternary stereocenter at the 3-position was developed using copper-catalyzed asymmetric monotosylation of prochiral 1,3-diols. The reaction with N-methyl oxindole 1d led to excellent yield and enantioselectivity. The tosylated product was readily converted to the oxindole derivatives bearing 3-cyanomethyl group via benzylaition and cyanation. The absolute configuration of monotosylated oxindole 2d was determined by the X-ray crystallographic analysis of the sulfonate ester 5.
Experimental

General
All melting points are not corrected. IR spectra were obtained with Shimadzu FT-IR-8100 and expressed in cm were recorded with JEOL JMS-700N spectrometer. Specific rotations were measured with JASCO DIP-1000. All reagents and solvents were used as received without further purification. The products were isolated by silica gel column chromatography with Merck silica gel 60.
General procedure of Copper-catalyzed asymmetric monotosylation of 3,3-bis(hydroxylmethyl)oxindoles
To a solution of Cu(OTf) 2 (0.05 mmol, 18.1 mg) and (R,R)-Ph-BOX (0.05 mmol, 16.7 mg) in CH 2 Cl 2 (2 mL) were added 3,3-bis(hydroxymethyl)oxindoles 1e (0.5 mmol, 89.6 mg), K 2 CO 3 (0.75 mmol, 104 mg), and p-toluenesulfonyl chloride (0.6 mmol, 114 mg). After stirring for 24 h at room temperature, water (10 mL) was added. The resulting mixture was extracted with AcOEt. The combined organic layers were washed with brine, and then dried over MgSO 4 . Concentration and purification through silica gel column chromatography gave the product. 4, 145.2, 132.0, 129.9, 129.6, 128.9, 127.9, 125.9, 125.5, 123.4, 116.8, 69.6, 64.6, 54.5, 26.6, 21.7 . 63% ee (HPLC: Daicel chiralcel OG (4.6 mm, 250 mm), n-Hexane : Isopropanol = 10 : 1, 254 nm, 1.0 ml/min, 64 min and 77 min (enriched)).
(+)-1-Acetyl-3-hydroxymethyl-3-(p-toluenesulfonyloxymethyl)oxindole (2b
[ 144.9, 143.0, 135.0, 132.1, 129.8, 129.1, 128.8, 127.9, 127.6, 126.9, 126.5, 123.9, 123.1, 109.6, 69.8, 64.0, 53.5, 43.7, 21.6 
(R)-(+)-3-Hydroxymethyl-1-methyl-3-(p-toluenesulfonyloxymethyl)oxindole (2d
(+)-1-Benzyl-3-hydroxymethyl-3-(p-toluenesulfonyloxymethyl)oxindole (2e)
.
()-3-Hydroxymethyl-1-(p-methylbenzyl)-3-(p-toluenesulfonyloxymethyl)oxindole (2f).
Yellow oil. IR ( 7, 144.9, 143.0, 137.3, 132.1, 131.9, 129.8, 129.5, 129.1, 127.9, 126.8, 123.9, 123.0, 109.7, 69.8, 63.9, 53.5, 43.5, 21.6, 21 .0. CH 2 Cl 2 (1 mL) was added slowly at 0 °C, and the reaction mixture was stirred at room temperature for 24 h. Saturated NH 4 Cl was added and the resulting mixture was extracted with AcOEt. The combined organic layers were dried over MgSO 4 and filtration and concentration gave the crude product of (R)-3-benzyloxymethyl-1-methyl-3-(p-toluenesulfonyloxymethyl)oxindole 3, which was used without further purification.
Transformation of (R)-(+)-3-hydroxymethyl-1-methyl-3-(p-toluenesulfonyloxymethyl
After stirred at room temperature for 10 min, the mixture of NaCN (3.2 mmol) and crude product 3 was stirred at 75 °C for 18 h. Then, cold water and ether were added at room temperature. The resulting mixture was extracted with ether and the aqueous layer was treated with 20% FeSO 4 . The combined organic layers were washed with cold water and brine, and dried over MgSO 4 . Concentration and purification through silica gel column chromatography gave (R)-()-3-benzyloxymethyl-3- 143.5, 137.3, 129.4, 128.4, 128.2, 127.8, 127.5, 124.3, 123.1, 116.2, 108.6, 73.7, 72.2, 49.8, 26.5, 22 7, 172.5, 145.2, 143.8, 131.9, 129.9, 129.6, 127.9, 125.3, 124.8, 123.1, 108.6, 77.2, 69.4, 68.8, 57.6, 51.7, 47.9, 47.2, 42.6, 42.3, 26.8, 26.5, 24.7, 21.6, 19.54, 19.49 
(R)-(+)-3-((+
